tapeto-retinal degeneration: Leber's congenital amaurosis, degeneratio retinae pigmentosa juvenilis, and retinitis punctata albescens.
In 1969 we again surveyed the occurrence of poor sight on the Aland islands, and found new cases of dystrophic changes of the fundus in young subjects. We also observed progression in some of the cases we had on record. Some patients were also studied by electroretinography (ERG), electrooculography(EOG), electronystagmography (ENG), anomaloscopy, the Farnsworth 100 Hue Test, fluorescein angiography, etc.
The question arose as to whether these clinically different retinal abiotrophies of autosomal recessive type could be due to the same mutant gene, causing a great diversity of clinical manifestations, depending partly on pleiotropy (polypheny) and partly on progression of the tapeto-retinal degeneration.
This hypothesis was corroborated by the genealogical data. Many probands showing different kinds of tapeto-retinal degeneration were found to have ancestors in common, particularly in the more distant ascendancy, though some of them were born in quite different parts of the Aland archipelago. (Water excluded, this archipelago comprises 1505 sq. km., water included about 6,000 sq. km., and the distance between some of the inhabited islands is as much as 100 km.)
Furthermore it seemed unlikely that the small population of Aland (about 21,000 subjects) would show so many different recessively inherited tapeto-retinal diseases, which are all rare, both in Sweden and in Finland. It Forsius and Eriksson, 1964a) .
Kokar Pedigree (Families I-V) During 1960 During -1962 we examined almost all the permanent population of about 420 in the highly isolated island community of Kokar; in addition we examined many who had emigrated and returned to Kokar on holidays. The total number of subjects examined was 565.
On scanning the detailed and well-preserved church registers going back to the 1650's we found many persons with a record of night blindness, poor vision, or blindness, often belonging to the same sibship or closely related in different ways.
As manifested in the Kokar families, the disease is characterized by night blindness, usually congenital, and relatively early impairment of vision, which may result in blindness at the age of 10-40 years. In the older agegroups, cases resembling atrophia gyrata were observed (Fig. 1) . We have interpreted the great diversity of clinical forms of tapeto-retinal degeneration as variants of retinitis punctata albescens, and we believe that the difference in age of the patients is one of the main causes of the differences in clinical picture (for details on pedigree, etc. see Forsius and Eriksson (1964a) and Eriksson and Forsius (1964) ).
Family I Agnes J.-R. Female, born in 1920, IV/4* children.
Has always had night blindness. Reading vision lost at the age of 36. In 1963, visual acuity in both eyes 0-1 (-1-0 D). Fundus degenerated, obvious choroidal sclerosis. ERG extinct. Diagnosis: degeneratio tapetoretinalis of the type gyrata (Fig. 1) .
A brother (Arnold, J.) became blind at the age of about 38, a sister (Astrid, J.) at the age of 10-12 years. The latter shows Turner's syndrome: 45,X/46,XX mosaicism (de la Chapelle, 1962; Case 15, p. 58 (Fig. 4) .
When this patient was first examined by us in 1963, vision was 0-25 on both eyes. There was an atrophic area of the same size as in 1969, but the margin of the degeneration had peculiar semitranslucent vascularized grey foci, which were the size of the papillae, and clearly raised from the remainder of the retina (Fig. 5a ). These pseudotumours were still visible in 1969, though they were less prominent than previously (Fig. 5b) . New large choroidal blood vessels were seen. We have not seen published reports of such pseudotumours. For fluorescein angiographic findings see Fig. 5c . Occasional white-yellowish spots were seen near the margin of the focus. We have noted haemorrhages only once (Fig. 5a ). Diagnosis: degeneratio retinae et chorioideae centralis.
Family XIV Anni Paulina L. Female, born in 1898, VII/9 children. Subjectively, she has not been night blind. In 1968 abalatio retinae was seen in the left eye, with numerous peripheral ruptures in a very atrophic retina. (Fig. 6) . Occasional pigments along the blood vessels in the equatorial region.
In an area at a distance from the fovea equal to the diameter of the papilla, numerous grey spots seen in the 5b. Detail of grey pseudotumour laterally of the macular region in the right eye (September 17, 1963) . From 19 January 1963, to 25 February 1964, the pseudotumour showed no photographic changes. 5d. Same area as in Fig. 5b and c, on 25 April 1969. Fluorescein 5e. Same area as in Fig. 5b , c, and d, 18 seconds later than in 5d.
angiography in initial phase. Retinal artery only weakly filled, Centrally, a large choroidal blood vessel, not filled during whereas the dilated choroidal blood vessels in the pseudotumour are angiography, appears dark against the light background. This obviously filled. Choroidal sclerosis, especially to the right.
vessel, which is seen below in Fig. 5c 0-15 (-0 75 Dcyl + 1-25 ax 900). Centrally in the fundus a dystrophic focus, in which the choroidal vessels shine through in an area with a cross-section of 1-papillary diameter (Fig. 7a) . Under the vascular layer in the retina, about one papillary diameter outside this area and extending to the equator, there are whitishgrey spots, hardly distinguishable from the surrounding tissue. Centrally the pigment in the deep retinal layers is disintegrated into spots. Above the pigment layer, a strongly light-reflecting layer is seen. Fluorescein angiography clearly showed that the pigment defect area in the retina was larger than shown by ophthalmoscopy (Fig. 7b) . Adaptation (Goldmann-Weekers): one log unit poorer than normal. Visual field peripherally normal EOG subnormal. ERG within the normal range Maximum of the b-wave 0-5 mV, maximum of the awave 0-2 mV. Diagnosis: degeneratio retinae centralis; Stargardt's dystrophy ? Guglianetti, 1950) . This is in good agreement with our clinical findings in Families XVI and IV. These two families come from the communities of Foglo-Sottunga and Kokar, respectively, which are both situated in the south-eastern part of the Aland archipelago. However, genealogical studies covering the last 200-300 years did not reveal any blind ancestors in common (Fig. 8-10 ). The white spots in retinitis punctata albescens and fundus albipunctata disappear with advancing age (Franceschetti, 1953 (Fig. 10) . The first subject from the left (born in 1734) in generation V in Family VII moved with her husband from Kumlinge to the Aland main island in the middle of the 1770's. She is the sister of one of the ancestors in Family XII in the Kumlinge pedigree (fourth from left, generation V). The proband in Family II is also found in the Kokar pedigree (Forsius and Eriksson, 1964a Fig. 8 and 10 ). Cases in the ascendancy, which, according to official records, e.g. parish registers, have poor sight, are indicated by thick circles (o). IV) has been described in families with Leber's congenital amaurosis. It has been suggested that the anlage of tapeto-retinal degeneration manifests itself in the form of retinitis pigmentosa in dark (heavily pigmented) subjects, and in the form of retinitis punctata albescens in fair individuals (Milner, 1932) . Our findings do not contradict this theory, but it should be borne in mind that retinitis punctata albescens has been reported in black people (Albert and Geltzer, 1969) .
In our families, Leber's congenital blindness occurs in two forms: the congenitally blind type with nystagmus (Families IX and X), and a somewhat milder form with central degeneration in which vision is present to some degree up to the age of 10-15 years (Families VI, VII, XI, and XII). The resemblance of the fundus pictures shown by the children in Families VI and VII is remarkable.
Keratoconus has been observed in Leber's amaurosis in as much as 38 6% of the cases (Karel, 1968) . On the Aland islands only 2 of 23 patients with definite pigmentary retinopathy had keratoconus. Whitish-grey spots in the periphery are often seen in this disease (Waardenburg, 1957; Alstrom and Olson, 1957) . In the present series several patients showed grey spots in the equatorial region. Somewhat larger and less conspicuous spots were observed in the brothers of Family XVI. The history and clinical picture of the subjects with Leber's congenital amaurosis differed considerably Fig. 8 and 9 ). Cases in the ascendancy, which, according to official records, e.g., parish registers, have poor sight, are indicated by thick circles (o).
from the fundus findings in Families XIII and XVI.
In both cases the central retino-choroidal sclerosis was the predominant feature. The EOG, ERG, and adaptation were found to be relatively normal in Family XVI, in which the first symptom was observed at school age or somewhat later, and the clinical picture resembled most that described in atrophia chorioidea centralis, a disease occurring in a recessively inherited form (Waardenburg, 1952) , or in the related Stargardt's dystrophy, which has also been described as recessively inherited (Francois and Verriest, 1956 ). We have also considered the possibility of Sorsby's inflammatory dystrophy, which has likewise been described in a recessive form (Sorsby, 1940; Sorsby and Mason, 1949 Tapeto-retinal degeneration occurs in association with congenital disorders of sphingolipid metabolism. In pedigrees with Niemann-Pick's disease and Tay-Sachs' disease, tapeto-retinal degeneration has been encountered (Hanhart, 1956; Fraser and Friedmann, 1967) . Degenerative retinal changes have also been noted in patients with the infantile form of Gaucher's disease (Eyb, 1952) . Hence, the concurrence of Gaucher's infantile lipidosis and tapeto-retinal degeneration in the Foglo-Sottunga pedigree is not perhaps accidental. Gaucher's disease is rare. Only 300 cases have been reported (Hsia, Naylor, and Bigler, 1962) , even including the Jewish cases.
In regard to the degenerations of the fundus seen in the pedigrees described in this study a classification into the following variants seems justified: (1) a variant corresponding to Leber's congenital amaurosis, and (2) a variant manifesting itself as retinitis punctata albescens or as central atrophic degeneration of the fundus, just as in the pedigree described by Ammann and Marty (1962) (cf. also Fraser and Friedmann, 1967 families showing abiotrophies. However, considering the scantiness of the series, this must be attributed to chance and to the fact that the frequency of twin births has been relatively high on the Aland islands (Eriksson, 1964) . Ammann, Klein, and Franceschetti (1965) (Eriksson and Forsius, 1964) .
Provided that there were among the first immigrants some subjects with a recessive mutant gene not involving any significant handicap in heterozygous form, the smallness of the original population (founder effect) and the isolation, perhaps in connexion with random genetic drift, would account for a high frequency of this gene, notwithstanding the growth of the population.
When the relationship between two relatives in a large panmixed population becomes remote, the probability that they share a common gene (identical by descent) becomes very small. However, inhabitants in small isolates have often, particularly in earlier generations, so many common ancestors that their marriages may well be compared to marriages between cousins in a panmixed population. Consequently, marriage partners in small isolated populations are quite likely to have genes in common. Therefore, the probability that the offspring will be homozygous is much greater, as dictated by chance. The heavy accumulation of blindness and poor sight in the pedigrees in the outer Aland archipelago is evidence in favour of the above hypotheses, considering in particular that trachoma has not been reported in these communities, and that we have not observed any accumulation of severe myopia or juvenile cataract or glaucoma. (Dreijer, 1960) .
On the assumption that the different clinical manifestations are due to three different mutations in different loci, the total gene frequency would be much higher, i.e. 0 055. Even when the isolate effect with consanguineous marriages etc. is taken into account, it seems very unlikely that several tapeto-retinal diseases, which are exceedingly rare in areas bordering on Aland, would occur in this archipelago independently of each other, and that all would exhibit such high frequencies of manifestation.
Of those admitted to a school for the blind in Sweden, 10% showed heredoretinopathia congenitalis (Alstrom and Olson, 1957) . In our series from Aland, no less than 60% of the subjects who showed poor sight or blindness when young belonged to families with tapeto-retinal degeneration. Among 16 patients not showing autosomal recessive tapeto-retinal degeneration, 7 males had the X chromosomal Aland eye syndrome (Forsius and Eriksson, 1964b; Waardenburg, Eriksson, and Forsius, 1967; Eriksson, Waardenburg, and Forsius, 1969 
